Model predictions of substrate-dependent control of MAPK phosphorylation
Thus, depends on three dimensionless groups: The first of them, P  can be interpreted as the level at which the phosphorylation-dephosphorylation cycle is driven by the balance of kinase and phosphatase activities,  is the nucleocytoplasmic concentration ratio of the phosphorylated enzyme, and  characterizes the extent to which the phosphorylation-dephosphorylation cycle is "loaded" by substrates.
Differentiating this expression we obtain the differential sensitivity of the level of phosphorylated enzyme to changes in the level of network activation:
This differential sensitivity quantifies the fractional change in the level of enzyme phosphorylation that is induced by the fractional change in the level of network activation, such as the change in the level of kinase or phosphatase activity. For example, a uniform increase in the phosphatase level would decrease the value of  and, consequently, decrease the observed value of P. The magnitude of this change, however, is modulated by substrates, which is characterized by the value of  : As the total concentration of substrates increases, the effect of increasing the phosphatase concentration gets smaller. This can explain why overexpression of mkp3 does not affect the level of MAPK phosphorylation at the anterior pole, where the total concentration of MAPK substrates is higher (Fig. 2D ).
The differential sensitivity of enzyme phosphorylation to changes in the concentration of any given substrate is given by the following expression:
Once again, the magnitude of the effect induced by a substrate is a decreasing function of  , which implies that a change in the level of MAPK phosphorylation that is induced by any given substrate is buffered by competing substrates. Thus, the model can explain why uniformly expressed exogenous substrates, such as Yan, increases the MAPK phosphorylation only at the posterior pole (Fig. 2G,H ).
To introduce spatial component to the model, we assumed that the catalytic activation of E by A ( ) occurs in a graded fashion from the poles which results in a spatial gradient of Figure S3A) . We assumed that the diffusion is slow in this system. We used an exponential curve to depict the spatial distribution of anteriorly localized substrates which results in non-uniform profile of  along the x-axis (Supplementary Figure   S3B) . The model is then used to predict the spatial profile of the total fraction of activated enzyme (P) and how it is affected by changes in deactivator (D) or substrates (S). Note that the model successfully predicts that these perturbations always have stronger effect at the posterior pole (Supplementary Figure S3C-F ).
Supplementary Figure S1 Note that fraction of activated enzyme is significantly decreased in the absence of substrates. (F)
Upon ectopic overexpression of a uniform substrate, the level of P is increased (red) with stronger effect at the posterior.
